ABSTRACT

Chilling of whole rumen contents
prior to preparation of strained rumen
fluid enriched with particle-associated
microorganisms resulted in rumen inocu-
lum with the highest microbial dry
weight, total bacterial counts, and degra-
dation rates for casein and soybean meal.
Strained rumen fluid, whole rumen con-
tents blended with strained rumen fluid,
chilled strained rumen fluid, and strained
rumen fluid plus particle-associated
microorganisms were lower in bacterial
counts and microbial dry weight. Except
for strained rumen fluid plus particle-
associated microorganisms, protein degra-
dation rates were also lower. Three
ruminally cannulated cows were used in a
3 X 3 Latin square experiment to deter-
mine the effect of diet on rumen micro-
bial numbers and protein degradation
rates. Cows were fed the following diets
ad libitum: 1) 100% alfalfa hay (20.7%
crude protein); 2) 63% alfalfa hay and
37% corn-soybean meal concentrate
(18.2% crude protein); and 3) 37% alfalfa
hay and 63% corn-soybean meal concen-
trate (15.1% crude protein). Diet 3
yielded rumen contents with the highest
concentration of microbial dry weight,
total and viable bacterial counts, total
protozoal counts, and fractional degrada-
tion rates for casein and bovine serum
albumin. However, degradation rate per
unit microbial dry matter was not altered
by diet.
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INTRODUCTION

An understanding of the influence of diet on
the rumen microbial population may aid in
discovery of how to decrease rumen protein
degradation. Researchers have suggested that
rumen microorganisms may adapt to a protein
source in the diet and increase the protein
degradation rate. On a fresh alfalfa diet, com-
pared with a hay and concentrate diet, rumen
proteolysis of fraction 1 leaf protein increased
three- to ninefold after an adaptation period
(19). Dietary protein source appears to influ-
ence its degradability (16, 17) and on microbial
adaptability (22). Hazelwood et al. (14) found
an increase in the proportion of proteolytic
Streptococcus bovis in the rumen of cattle fed
a fresh forage diet compared with those fed a
dry diet.

Studies on the effect of diet on rumen
microbial proteolytic activity in vitro should be
based on representative samples of rumen
microbes. Most rumen inocula are prepared
from only the liquid fraction of rumen con-
tents, whereas 70 to 80% of the total microbial
mass was associated with the particulate frac-
tion (9, 13). Craig et al. (10) have compared
methods for enriching in vitro inocula with
particle-associated organisms.

These studies were designed to determine
the effect of rumen inoculum preparation
method and the influence of dietary energy
concentration on microbial numbers and pro-
tein degradation activity.

MATERIALS AND METHODS

Inoculum Preparation E xperiment

Rumen Contents, Rumen contents were ob-
tained approximately 4 h after feeding from a
ruminally cannulated lactating Holstein cow fed
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a diet of alfalfa hay, corn silage, corn grain, and
soybean meal (SBM). Rumen inocula were pre-
pared in five different ways: 1) whole rumen
contents were strained through two layers of
cheesecloth (strained ruminal fluid, SRF);
2) equal volumes of whole rumen contents
(WRC) and SRF blended (B) for 1 min at high
speed in a Waring blender and then strained
through four layers of cheesecloth (WRC plus
SRF, B); 3) SRF prepared from whole ruminal
contents chilled 4 h (SRF, 4°C); 4) equal
volumes of strained rumen fluid and particle-
associated microorganisms (PO) extracted by
washing the residual solids with McDougall’s
buffer (18) and squeezing first through two
layers then eight layers of cheesecloth (10)
(SRF plus PO); and 5) SRF plus PO prepared
the same as (10) except the whole ruminal
contents were chilled 4 h prior to inoculum
preparation (SRF plus PO, 4°0).

Dietary Energy Concentration Experiment

Amnimals and Feeding. Three lactating Hol-
stein cows fitted with rumen cannulae were
randomly assigned to three dietary treatment
sequences in a 3 X 3 Latin-square design (Table
1). Diets were initially balanced to be isonitro-
genous, but alfalfa hay was higher in protein
than expected (20.7% CP; Table 1). Cows were
fed ad libitum four times daily and water was
continually available. Cows were allowed a
14-d adjustment period followed by a 14-d
sampling period. Rumen contents were trans-
ferred between cows when switching diets to
reduce the time for microbial adaptation.

TABLE 1. Diet compositions.®
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Rumen Contents, Rumen contents were
collected approximately 4 h after feeding.
Method 5 [SRF plus PO, 4°C (10)] was used to
determine microbial numbers and protein
degradation activity.

Rumen Parameters., Rumen pH was mea-
sured immediately after collection and straining
of rumen contents through two layers of
cheesecloth. One milliliter of 50% (vol/vol)
H,S0, was then added to 50 ml of SRF and
stored (—20°C) until ammonia and VFA
analysis. Ammonia was determined colori-
metrically by the phenol-hypochlorite method
(6) and VFA by gas chromatography using a
column packing of SP-1200/H3PO4 on Chromo-
sorb W AW (20). An internal standard, 2-ethyl-
butyrate, was used. Samples were collected on
3 separate d during each period and were
analyzed in duplicate.

Microbial Numbers, Microbial counts were
determined in duplicate on 3 separate d in the
SRF plus PO, 4°C inoculum according to the
procedure of Mahadevan et al. (16). Bacteria
were counted in a hemacytometer (AO Scien-
tific Instruments, Buffalo, NY), and the proto-
zoa were counted in a 49.75 X 19.75 X 1-mm
counting chamber. A Nikon biological micro-
scope (Tokyo, Japan) was used at 1600X oil-
immersion phase contrast for bacteria and
160x bright field for protozoa. Viable counts
were determined on medium 10 (8) with the
following modifications: a 2.5% cysteine-HCI-
H,O0 solution prepared under CO, was added as
a reducing agent at 2 ml/100 ml of medium 10;
cysteine-HCI-H,O and sodium carbonate were
added before autoclaving. The plates were

Item 100F 63F/37C 37F/63C
(% of dry matter)
Alfalfa 100 63 37
Concentrate 0 37 63
Corn 35.1 54.0
Soybean meal 1.5 7.3
Vitamin and mineral mix R 5 1.6
Crude protein 20.7 18.2 15.1
Neutral detergent fiber 47.6 36.6 31.2
Acid detergent fiber 31.6 21.4 14.2
Ash 10.3 8.2 5.9

! Percentage of the diet as alfalfa hay (F) or from concentrate (C),
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poured in a glove box (Coy Laboratory Prod-
ucts Inc., Ann Arbor, MI) with an atmosphere
of 85% N,, 10% CO,, and 5% H,. The rumen
inocula were diluted in anaerobic dilution solu-
tion (7). Using a repeating pipet, plates were
inoculated in quadruplicate at two different
dilutions per inoculum source using a sterile,
bent glass rod. Plates were incubated at 39°C
for 5 d in the glove box incubator.

Microbial Dry Weight and Nitrogen Content,
Dry matter concentration of each inoculum
was determined in quadruplicate by centrifuga-
tion (31,000 X g, 15 min, 2°C) of 10-ml ali-
quots. Supernatants were discarded and pellets
dried for 48 h at 60°C. Nitrogen content of
pellets was determined by Kjeldahl analysis (1).

Protein  Degradation  Activity. Protein
sources [casein and bovine serum albumin
(BSA)], .500 g of each, were weighed into
spinner flasks (Bellco, Vineland, NJ) and dis-
solved in 100 m! of McDougall’s buffer (18) at
39°C. A composite sample was prepared from
five different solvent-extracted SBM and had a
N solubility of 30% in McDougall’s buffer. An
amount (1 g) of this sample to provide equal N
concentration to the other protein sources was
weighed into spinner flasks and soaked in 100
ml McDougall’s buffer at 39°C. The SBM was
used in the inoculum preparation experiment
only while casein and BSA were used in both
experiments. Rumen inocula were warmed to
39°C and 1.5 mM hydrazine sulfate (4), 3.0
mM 2-mercaptoethanol, and 1.0% maltose were
added and dispensed under CO; at 200 ml per
spinner flask. Incubations were carried out
at 39°C, and samples were removed from each
flask in duplicate under CO; at .5, 1, 1.5, 2,
2.5, 3 h (plus 4 h for the inoculum preparation
experiment). Incubations were terminated by
the addition of 1 ml 2% (wt/vol) cetyltri-
methylammonium bromide to 1-m! samples
followed by mixing and freezing. Blank flasks
with no added protein source were also in-
cluded with each experiment for each inocu-
lum source. Single blank and plus protein flasks
were used in the inoculum preparation study
and duplicate flasks were used in the feeding
experiment. Concentrations of total free amino
acids and ammonia were determined in sample
supernatants (10,000 x g, 15 min, 4°C) in-
cluding correction for recoveries of leucine and
ammonia standards (6). Fractional protein
degradation rates were computed from the net
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release of total free amino acids and ammonia
(5). Protein degradation rates were also com-
puted on the basis of amount degraded per unit
microbial DM. Experiments were run on 3 dif-
ferent d per treatment sequence.

Chemicals. Cysteine-HCI-H,0, casein, BSA,
hydrazine sulfate, 2-mercaptoethanol, and mal-
tose were from Sigma Chemical Company, St.
Louis, MO.

Statistical Analysis, Data were statistically
analyzed by one-way analysis of variance with
mean separation accomplished by the least
significant difference method after a treatment
effect (at least P<.05) was detected (23).

RESULTS AND DISCUSSION

Inoculum Preparation Experiment

The inoculum preparation experiment com-
pared results from using inocula enriched with
particulate microbes with those obtained using
the methods of other workers. The effect of
inoculum preparation method on microbial
mass and numbers is in Table 2. Microbial dry
weight and total bacterial count were highest
with the chilled SRF plus PO followed by the
unchilled SRF plus PO. Chilled SRF plus PO,
and blended WRC plus SRF yielded the highest
viable bacterial counts. Dehority and Grubb
(11) found that chilling rumen contents on ice
for 6 h before blending increased the viable
bacterial counts by 50%. Blending whole rumen
contents increased the viable bacterial count by
approximately 30% over SRF (15). Blended
WRC plus SRF had the highest percent via-
bility, possibly due to the breakage of clumps
with blending. Total protozoal counts were
highest with the unchilled SRF plus PO and
lowest on the blended WRC plus SRF. Senshu
et al. (21) reported that blending caused lysis of
protozoa.

In a separate experiment, the effect of
inoculum preparation method on protein degra-
dation activity was determined. Viable counts
were not determined in this experiment. Micro-
bial dry weight and total bacterial counts were
again highest on the chilled SRF plus PO inocu-
lum (Table 3). Total protozoal counts were
highest with the chilled SRF plus PO treatment.
The higher protozoal counts after chilling in
this experiment possibly resulted from rumen
contents being warmed too rapidly in the pre-
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vious experiment, which may have promoted
protozoal lysis (B. A. Dehority, personal
communication).

Protein degradation rates based on microbial
DM and fractional degradation rates were deter-
mined using three protein substrates: casein,
SBM, and BSA (Table 3). Chilled SRF plus PO
gave the highest casein degradation rates fol-
lowed by unchilled SRF plus PO. Chilled and
unchilled SRF and blended WRC plus SRF all
had casein degradation rates, both per unit DM
and fractional rates, that were about half those
for SRF plus PO. Enriching inoculum with PO
(inocula SRF plus PO and SRF plus PO, 4°c;
Table 3) also yielded the highest protein de-
gradation rates for SBM. Results with BSA were
not as clear cut; BSA degradation rates were
similar for the chilled SRF plus PO, unchilled
SRF plus PO, and chilled SRF.

These results emphasize the importance of
microbial extraction methods for obtaining
representative rumen inocula for in vitro experi-
ments. Chilled SRF plus PO yielded the greatest
microbial dry matter and bacterial numbers and
tended to have the highest protein degradative
activity. The particulate fraction of rumen con-
tents may contain as much as 75% of the pro-
teolytic activity (3). Chilling and washing
rumen digesta particles with buffer appear to

FURCHTENICHT AND BRODERICK

enhance the removal of microorganisms asso-
ciated with the particulate phase (10). There-
fore, some method to enrich inocula with
particle-associated microorganisms is essential
during in vitro experiments.

Dietary Energy Concentration Experiment

Rumen parameters from the dietary energy
concentration experiment are in Table 4.
Increasing dietary concentrate decreased rumen
pH. Rumen ammonia was higher on the diets
containing concentrate (diets 63F/37C and
37F/63C; Table 4) even though these diets were
lower in crude protein than the 100% forage
diet. As expected, total VFA was greatest on
the 63% concentrate diet, as were the molar
proportions of propionic and butyric acid.
Isovaleric plus 2-methylbutyric acids, which are
formed from catabolism of leucine and isoleu-
cine, were also elevated on the 37% forage diet.
As expected, the 100% forage diet had the
highest molar proportion of acetic acid and the
lowest molar proportion of propionic acid.

The effects of dietary energy concentration
on microbial numbers and protein degradation
activity are in Table 5. There were approxi-
mately 15 times more total protozoa on the
37% forage diet compared with the 100%

TABLE 4. Effect of diet on feed intake and rumen parameters.

Diet!
item 100F 63F/37C 37F/63C SE
Dry matter intake, kg/d 16.9 19.4 15.8 1.6
Rumen parameters 6.682 6.29b 6.13¢ .05
pH**
NH,, mM* 8.34b 10.882 10.462 64
Total VFA, mM** 84.41b 96.012 100.442 253
Molar proportion, %
Acetic** 75423 72.29b 68.85¢ .38
Propionic** 14.56b 15.06b 17.092 49
Butyric** 6.80¢ 9.12b 11.022 30
I-Butyric 1.12 1.08 1.09 .05
Valeric 1.13 1.09 1.23 .05
I-Valeric plus 2-methylbutyric** 1.30b 1.36P 1.702 .06

ab,c

! Percent forage (F) or concentrate {C).
*Significant effect of diet (P<.05).
**Gignificant effect of diet (P<.01).

Journal of Dairy Science Vol. 70, No. 7, 1987
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TABLE 5. Effect of diet on rumen microbial numbers and protein degradation activity.
Diet!

Item 100F 63F/37C 37F/63C SE
Total protozoal count, X 10%/ml* 8.14b 25.77b 122822 12.56
Total bacterial count, X 10°/ml** 3.36P 7.042 10.002 49
Viable bacterial count, X 10%/ml** .98b 2.358 3,272 21
Microbial dry weight, mg/ml** 23.5¢ 34.0b 41,28 92
Microbial N, % DM basis 7.91 7.67 7.87 .19
Degradation rate, mg N/h per g DM

Casein 2.334 2.045 1.745 .188

BSA® 489 467 514 058
Fractional degradation rate, h™!

Casein* .230b .2653.b 2933 013

BSA** .046b .060P 0842 .007

ab,c

! percent forage (F) or concentrate (C).
2Bovine serum albumin,

*Significant effect of diet (P<.05).
**Gignificant effect of diet (P<,01).

forage diet. Others (12, 24) also have reported a
positive relationship between dietary concen-
trate, butyric acid production, and protozoal
numbers. The 100% forage diet yielded the
lowest total bacterial count. The 37% forage
diet yielded total and wviable bacterial counts,
which were approximately three times greater
than the 100% forage diet. Bacterial viability
ranged from 29 to 33% and was not signifi-
cantly influenced by diet. The microbial dry
weight was also greatest on the 37% forage
diet. No differences were detected in concen-
tration of nitrogen in microbial pellets indi-
cating that feed particle contamination was not
confounding the interpretations based on
microbial dry weight. When protein degradation
rates were expressed per unit microbial DM,
no significant differences were observed for
either casein or BSA. However, casein frac-
tional degradation rate was highest for the 37%
forage diet, intermediate for the 63% forage
diet, and lowest on the 100% forage diet. The
BSA fractional degradation rate also was
highest on the 37% forage diet.

Dietary energy appears to increase protein
degradation mainly through increased microbial
numbers or mass. Protein degradative activity
per unit microbial mass was increased some-

Means within rows with different superscripts differ (P<.05).

what for SBM and casein with inocula enriched
with particle-associated organisms (Table 3).
Nevertheless, protein degradative activity ap-
pears to be distributed between the fluid and
adherent microbial populations in the rumen.
This suggests that protein degradation may be
principally a function of factors that influence
microbial numbers or mass, such as the dietary
energy concentration or fermentability (2).
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